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1. INTRODUCI’JON

In an earlier study incorporating z,onally and
vc.rtically ave. rage.d data for the period 1976-1991,
Dickey el of. (1992- hcnccforlh l>hlll)  found cvidencc.
for globally ccrherc.nt pcrlcward  propagat ion of
inlcrannual  fluctuations in atmospheric ang’rr]ar
Inolnc.  nlum (AAhI),  a s s o c i a t e d  with  t he  El
Nifio/Soulhcrn  Osc i l l a t i on  (ENSO)  cyclc.. lhc.
himodalily  of the. IiNSO phenomenon (Rasnlusson et
al., 1990; Kcppc. nnc and C]hil,  1992 and I>h4}I)  was
evident in spc.ct[a of IhC Southcnl Oscillation Index and
lc.n[;th-of-day (used as a proxy for global AAh4
variations) during lhe period of lhat study, wilh
si~nificant peaks ocrurling  in the low-f rc.qucncy (l.l::
32-8.!3  month) and quasi-bic.nnial (Q]]:  18-35 month)
bands defined by Barnc.tt (1991). I>ch  band was
‘charactc. rimd by a distinct AAhf tclcconncction  pattc.rn,
with anomalic.s  in [hc I.F band originating near the
c.quator and propagating 10 Iatitudcs greater than 6-0° in
both hc.misphcrc.s, whi]c AAhf anomalic.s in (he. QII
lk~rld rcsc.mblrd a slanding  wave in the. tropics, Similar
Pcrlcward propagation ]MtkrJIS Were found by ‘r’asunari
(198’7) in the. analysis of 30-60 month filtered Y.onal
JViild anomalic.s; however, lhc implication of these
fjr~di]l~s were. not fully pursue.d. Salslcin Cf al. (199%)

stu(iicd  (IIC regional charac.tcr of this phenomenon using
a multi-dccadc rat!’irlsol~dc-t>ascd  data SCI (00s1,  1983).
‘1’hc purpose of the. prc.sc.nt study is to invc.stigatc the.
robustness of this phenomenon hy examining
intc. rannua]  AAM variations in an c.rmrublc. of nine
GCM simulations, pc.rform.d  for the dccadc 1979.198$
as part of the Atmosphc. ric Model Intcrcon~parison
Project (Gates, 1992).

2. DIEZRWTION OF DATA

llrctuatio~~~  in atmospheric angular momentum
(AAM), a tltmc-dil~~c)lsiol~al vector, can be divided into
two part<: the. changes in !hc net ahnosphcric  rotation
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rate, the wind term 11~’”, and change.s in the nc(
atmosphc.  ric moment of inc.rlia,  the. pressure tc.rm IIp,
which arc dccouplk.d  to firsl order. IIc.rc., WC. focus on
the. third (axial) c.omponc.nt,  which induces drtec.table
length-of-day variations associated with (hc IINSO
cycle,  and study the dcrn~inant wind tc. rm c. ffcct by
c.valuation  ofi

]]W  ~ W3
3 ~ f.f [u] cos241 d+ dp

v.’hcrc R is the. mean radius of (he Earth,  E lIIC
accclcralion due. to gravity, ~) the latitude, p Ihc
(hydros(a[ic)  prcsst]re, and [u] rcprc.scnLs the. ~.onal-mean
z,onal wind,

h40nthly mean value.s of [u] arc. utilized from
nine GCh4 simulations for the period 1979-1988,
pc.rforme.d  under the auspice.s of the AMI1’  Pro~ran\
( G a t e . s ,  1992).  V a l u e s  wc.rc proviflcd  On t\vo-
din~c.nsional  Iatitudc.-prc.sst]rc  grids, with resolution
bcirrg  model dcpc.ndc.nt. For consistcnc.y, the, simulated
AAh4 was intc~ratcd  for all runs from the surface. to
100 mb, the. higltc.st  ICVC1  common to the nine mode.fs
c.onsidc.rcd.  For comparison with observations, AAh4
value.s derive.d from LJ, S. National hlctcorologic~l
Czntcr  (hTh4C)  data were usc.d, based on z.onal winds
inlc.gla(ed from the surface up to the 100 n~~ prc.ssurc
IC.VCI in 46 equal-arc.a latitude hells (Salstc.in  c1 n~.,
19931)). To c.nsurc. adc.quatc sampling of the various
latitude grids usc.d in the. Ah41P  runs, all AAM data sets
in this study wc.rc rc-binned into 23 c.qual-area Iatitudc
belts, so that the. narrowest belt (straddling the c.quator)
has a latitudinal extent of about 5°.

‘3. . /.j~AI,yCJs

Dh4}l studied intcranllual  variatioILs in zonally
and vcrlical]y  average.d AAM data from the NMC
analysis for the period 1976-1991. The clc.arcst pattern
of polcw’ard propagation (see Fig. 1 for the updated
version) was found to cmc.rgc by applying a siruplc
crnc-year  minus five-year running-rncan  filtc.r to the
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l:ig. 1. Onc.-ycar minus five.-ycar moving averages of
NMCAAhi  data in 46 equal-area latitude belts,

AAM in each of the. 46 latiludc. belts, which scn’cd to
cfficirntly  rcn~ovc.  the annual cycle. as WICII as “dccadal”
variations fronl tllc. data. ‘1’hrcc complctc CyCICS Of
lmlc.~~rard-l)~  t~l>fi~a[il~~ AAhf anomalies arc. visible, wi{h
altc.rnating  wcstcrlics  an(i castcrlics (n~lc the missing
data on either cnci of the. rc.cord drrc.  to the window
c,ffc.et). ‘1’hc shortnc.ss  of the Ahf IP records prcc]udcs
lhc usc crf mnning  avcra~cs or l’ouricr filters to stu(iy
fluctuations on the. ENSO time scale.. IIMIca(i,  wc usc
the rc.cu~sivc. filter  dcscribcd  by hfurakami ( 1 9 7 9 ) ,
cc.ntc.rtd at the. pcliod for which the tramsfcr function of
tllc onc.-ycar minus five-year run runninc  mca n fil[cr  is
larflcst (44 months). ‘1’i)c.  shortest period (36 months)
is chose. n to focus on the l)olcjlrard-~>rol)agatil~g I,F
variability and to cxcludc [he QIJ hand, and [hc ]ongcst
period (56 months) to make. the. frequency span of the
liltcr  symnlctric.  about Ihc n~axinlllm.

Fig. 2a shows a Ilovmolicr  diagram formc.d  by
fiitcring monthly values of the NMC AAhl dala in 23
c.qual-area latitude bcits in the 36-56 month band.
Illring the Ah411’ dccadc, IWO complctc. c.yclcs (c.astcrly
and wc.stcr]y)  of ~Jolc\\’ard  -l)rol~agagtil\g AAM arc.
visitrlc, The maximun~ amplitude occurs in Ihc sub-
t rop i c s ,  with (IIC str~rwcst  lvcstcrly ar~or~~alics  ir~ bo~h

hc.misphc.rcs  coinciding wi~h the. mature phase-s of the
1982-83 and 1986-87  ENSO cvc.nts.  Smaller wcstc.rly
maxima arc also visib]c along the equator, prcccding
the. onsc.t of the I~NSO episode.s by about one year.

lhc parallel IIovrnollcr diagram comtructcd  by
fi]tc.ring  the cor~~~l~~us sin~ulatiow  forll~cd bY averaging
the rc.suits of the 9 Ah41P runs cor~$idcred,  is shown in
Fig. 2b. Clc.arly the mode.i  rur~s  capture the poic.ward
propagation of.intcrannual  AAhf anomalies discussed
abcrvc., although the propagation speed tends to bc
somewhat rnorc  rapid than observed, especially in the,
subtropics of both hcmisphcrcs,  where. a pattc.rn
rc.sc.mbling  standing waves is seen. AS found in the.
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o~scn~ations, wcstcriy  anomaiics  bccin at tllc equator
approxinlatcly  a year before the. onset of the 1982-83
and 1986-87 ENSO events,  and intensify as thCY
props ga tc. poic.wa rds. hfaxirnum  JVcsterly anon~a]ics
arc found in tbc. sub[ropim  of both hemisphere.s during
the mature pbasc.s  of both TNSOS, with the 1982-83
c~,crtt havirlg ttlc strongest amplitude. An intcrcstiw
aspect of this event is the near-symn~c.try of the.
simulated AAhf response in IIIC.  NII and S]1 sublropia,
c.ornparc.d  to the much stronger vklcr]ic.s  observed in
the NJ] subtropics durin~  the winter of 1982-83 (Pigs.
I and ?zr - scc also Rosen et irl., 1984 and DhlIl).
lixaminatiorl  of the. output for c.ach model (not show)
indicates that the symmetry of the. consensus run is riot
present in (1IC individ~lal simulatior~s,  hut rc.sull-s  from
averaging of results containing slrowcr responses in
c.ithcr  of the. two hcmispbcrc.s.  AiSO of interest ls the
nartotv  ton~uc of castcrlics appearing at tbc. cqualor
d u r i n g  lhc malllrc.  pl].ascs  of both sil~lu]atcd ‘iNsOs”
While this feature was prcvio~]siy  noted in the NhfC
data  by l>h411,  it is cspcciaily pronotlnced in the.
conscmsus  sin~ulation, anti Inay indicate. an actiw role
f o r  t h e .  atlnosi)hc. rc. i n  rc.p,ulatiw t!lc.  duration o f  1~1
Niiio episodes.

Poic.ward propa~a~ion of AAh{ anomalies may
also trc visual i~cd in a lag-l atit~ldc  plot of correlations
bc.twccn  indivici~lal  belts (Riscby  and Stone, 198 S).
Fig. 3a show’s  the. lag-c.orrc.la[ion  bctN’ccn  36-56 month
filtered values of NhfC AAM, in c.ach of ?.3 c.quai-area
latitude beits,  with the filtered AAhf  in (})c equatorial
belt. Slow poic~~’ard propap,ation of AAh4 anomaiics  is
cvi(icllt, with collcrcnt  signals reaching lhc. Subtropia
Of boltl hcmisl)llcrcs  at a la~ of about 1-2 years. ‘1’hc.
c.orrclatior~  diagrar~~ for  filtc.rcd AAhf f r o m  t h e
consensus simulation (Fig.  3b) shows a similar lag
bctwccn  equatorial and sub-tropical maxima, allhouf$
the, transition bctw’ccn tilcsc. two rc~inle.s  is more
abrupt than found in the. NMC  data, with a sustained
period of equatorial AAhf  anomaiic.s  prcccdins  a rapid
shift of the. anomalies (O the subtropics of both
hc.rnisphc.rcs.

Corrclatior~ coc.fficicnts  were also computed
bct\vccl~ fiitcrcd AAh4 value.s in ncighborirlg  latitude
belts for both the NMC data and the consensus
simulation, Fig. 4 S}IOWS the lag of lhe polcward  belt
in each pair for which the corrclatior~ coefficient was
maximized (Ihc equatorial belt was paired with itse.1~.
The consensus rcsulis arc. roughly symmclric  with
rc,spcct to tllc Cqua[or, Jl,ilh Illaxinm  of Polcwa rd
propagation vc.locity found in the subtropim (nc.ar 10°)
and in the. cxtratropics  (nc.ar 40°) of both hcmispbcrcs.
Tropical and subtropical maxima in propagatior~  speed
arc also sc.cn in the hTMC data, wilh all phase velocities
bc.ing polcward  cxccpt  for the S11 cxtratropi~,  where
the sparscnc.ss  of obscn’cd  data renders tbc. analysis lCSS
ccrlain.
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Fig. 3. (a) I.ag-cor]c]ation  of XhfC AAhf  data, filtered in the 36-%  mon~h  band in 23 equal-area latitude
belts, with tic fll[crcd  data in the equatorial bell. (b) as in (a), for the a~’crage of 9 simulations ~lf~n~l~d as
part of the AhfIP  projcc[.
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l:i~. 4. Solid line: l’hc lag in months for which t]).
correlation cocffrcicnt  bctwccn the 36-56  month fil(crcd
AAhf in c.ach belt of the. coIMrMm run was maximimd
with [lIc. filtc. rcd AAM in the ncighbo[in~  c.qua[owarrl
belt. Dashed Iinc.: as for the solid Iinc., for lhc. NhfC
AAM data.

in ordc. r to assess Ihc robustness of lhcsc rc.suits,
lag-correlation statistics were examined for fil(crcd
AAM fluctuations in nci~hboring ]atilutic. bc.lts for all
nine. of Ihc morlcl  runs. Fig. 5 shows the. numlwr  of
mode.ls which \\)crc charactc. rimd by standing waves (i.e.
maximum correlation at zc. ro lag) or po]c.ward
propagation at c.ach Iatitudc. All nine of the. rnodc]s
c.xamincd showed pole.wa rd or sla riding propagation for
belts 8-16 inclusive (corresponding to latitudes 20°N --
20°S), indicating the rotrustnc.ss of po]cward AAM
propagation in (}1C tropics. For the N} I c.xtratrcrpics the
rc. sul[s ftucluatc  about the number cxpc.c.tc.d for no
dire.ctional prcfcrc.ncc, so Ihat polcward  propagation of
AAhl  in this rc.gion  c.anncrt bc infc.rrcd f r o m  t h e
prc.liminary  AMIP result.. cxarnincd  here. (On average
abaut onc mode.1 showed maximum corrc.tation at mro
lag for each pair of belts;  if the.rc wc.rc no dire.ctional
prcfc.  rcncc. for t}lc AAM propagation, 4 of the.
rc.rnaining  8 rnodcls for each pair of belts would show
pole.wa rd propagation, so that the cxpcc.tcd  number with
standing or polcward propagation is abaut  5). For the
S11 cxtratropics,  on the other hand, the number of
models showing pcdcward or stationary propagation is
grc.atc.r t ha n cxpccte.d  c.vcrywhcrc  cxccpt for the last pa ir
of bolts, indicating a strong tc.ndc.ncy for the sirmrlatcd
AAM, at least, to propagate polcwards on intcrarmual
time scale.s.
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Fig.. 5. l’hc number of models (out of a total of 9)
showing mro or positive lag in each Ia[i(udc belt for
the. maximum corrc]ation  of 36-56 n~onth  A A M
fluctuations with [he. nci~hboring cquatorward Mt (thc
equatorial twit was paired with it.scl~. If no directional
prcfcrc.nc.c. exists, lhc. cxpcctcd nunlbcr is 5.07 (sc.c
tcxl).

4. I)lSCUSSION

Since atmospheric dissipation times arc
gc.nc, ra]ly on the ardc. r of a Illonth or ICSS, it is
reasonable to expect that the. “me. mory” of Ihc systc. m
for cohcrc.nt  intcrannual  flocloations  lies clscv.’hcrc.
The most natural candidate. for I;NSO-related variability
is the ocean, with Ihc. sca-surface. Icmpcralurc  (SS-l-)
field acting 10 communicate. the occallic slate to Ihc
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Fig. 6. Hovmollcr  diagram formc.d  by filtc.ring the
zonal  mean of the SST data used as boundary
conditiom  for the AMIP runs in Ihc 36-56 month band,
in 23 equal-arc.a  latitude bc]ts.
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atmosphere’. Since AAM is a zonally-averaged
quantity, w’e present in Fig. 6 a Iiovmollcr  diagram of
the Z.onally-averaged SST data, filtcrc.d  in Ihe. 36-56
month band,  which was used to drive the AMIP
simulations described above. A pattern .of pole.ward
propagation clearly exists, with phase speeds similar to
that found in the, NMC data (Fig. 2a). Whereas the
obsc.n’cd  Mhl propagation has the Iargcst  range in the
N]], however, thc SS1’  propagation appears more
robust in the S}1,  which has more oc.can-covcrcd
surface. The consctt$us  AAM simulation also shows
the grcalesl  range of propagation in the SH, although
the. speed of the propagation differs comidc.rahly  from
that found in both the observed AAM and SST fields.
Further studies will be nccdc.d to determine. the cx(cnt to
which these a!mosphcric  phenomena result from
oceanic. forcing, and the mechanism by which this
f o r c i n g  g,cncratcs  lhc Elol)ally-l)ro~)agatillg  AAhl
anomalies documented in this and previous studies.
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